Water Tunnel Tests of the M-6, 2.36" A. T. Rocket with Five Designs of Shroud Tail by Knapp, Robert T.
OFFICE Of 0CIENTJfJC RESEARCH~ DEVELOPMENT 
NATIONAL 0E.FEN0f. R.E.SEAR.CH COMMJTT:E.E. 
DIY IS I ON SIX -.3E.CTION G.l 
W'ATE~ TUNNEL TE3T..S 
OF' THE. 
M·Gl, 2.~G"A.I ROCKET 
WJTli flV[ DE5IGN5 Of 0H~OUD TAIL 
HYDRODYNAMICS LABORAT ·. 
CA~IFORNIA IUSTITLTE OF TECHNOLO<.t 
f'ASA.DENA 
PUBLICATION NO. 50 
THE HIGH 0PEED WATER TUNNEL 
CALifORNIA IN0TITUTE OF TECHNOLOGY 
PA0ADE.NA,CALlf'OR.NlA. 
S.ECT I OH N2 E;,.l-~r- 2.07-934 
HML R.i.P N2. ND- 11.5 
COPY N2 7~ 
OFFICE OF SClENT : F t C RESEARCH AND DEVELOPMENT 
NAT ! ONAL DEFENSE RESEARCH COMMI TTEE 
D: V: S i ON s , x SECT : ON 6 l 
MEMORANDUM ON WATER TUNNEL TESTS OF THE 
M 6 , 2 36" A T ROCKET 
Section No 
HML Rep . No 
WITH FIVE DESIGNS OF SHROUD RING TAIL 
BY 
ROBERT T KNAPP 
OFF ' C "Ai . NVEST GATOR 
THE H' GH SPEED WATER TUNNEl 
AT THE 
CAL:FORN ; A NST TUTE 0~ TECHNOLOGY 
HYDRAU L: c MACH "NERY LABORATORY 
PASADENA , CA!.l FORN:A 
6 1. sr 207 -934 
ND :U 5 November 4 , i943 

CONF IDENT IAL 
TABLE OF CONTENTS 
Sec ti on No Page No 
ABSTRACT l 
CONCLUSIONS ] 
1 PURPOSE 2 
2 DESCRIPf10N OF MODEls TESTED 2 
3 FORCE MEASUREMENTS 7 
4 EFFECT OF SHROUD I. ENG fH 9 
5 EFF E-.CT OF ASYMMETRY ] 1 
6 STUDIES N POIAR'ZED ' · , GHT Fl UMF 13 
7 TUNN!:I INSTAILAT,ON AND DFSCR I PT:ON 16 
OF FORCES MFASURED 
REFERENCES ?? 
APPENDIX A DEfiNITIONS A 1 
CONFIDENTIAL 
- i -
CONF I DE tHI AL 
ABSTR '\CT 
This report covers tests on the M- 6_. 2 36" rocket with the 
conical pointed nose in combination with on experimental shroud 
ring toil from the Aberdeen Ballistic Research Laboratory , also 
with a commercially manufactured Ordnance Deportment shroud r1ng 
toil, e nd with three types of specially made model toils on which 
the shroud length was varied One of the specially made model 
toils was mounted on a plain boom with no nozzle All of the 
other toils were mounted on a stepped venturi nozzle 
CONCLUSIONS 
The shroud ring tail (Toil No 47) without the nozzle reduces 
the drag materially and increases the static stability The in-
crease in stability is due almost entirely t o the shift of the 
center of gravity toward the nose due to dropping the weight of 
the nozzle_. while the location of the center of pressure is shifted 
oft only slightly 
The Aberdeen experimental toil_. wi th three supporting fins 
(Toil No 59)_. shows less drag and higher static stability than the 
Ordnance Depo rtment tail which has four fins (Toil No 58) 
These two toils (Nos 58 and 59) ore substantially constructed 
and appear well adopted to rough handling, especially Toil No 59 
The specially mode model tails_. on the other hand_. Toils Nos 3i 
to 35_. 36 to 40, and 47 to 5i appear too fragile for ordinary 
handling and shipping Modification of these toils to make the m 
more substantial would slightly increase the drag but the added 
weight in the toil would not reduce the stabilizing moment more 
than about iO% . 
A shroud length of 80% of the shroud diameter shows higher 
stability than longer or shorter shrouds in the case of the 
specially mode toils mounted on the stepped nozzle (Toils Nos 31 3 5 
and 36 · -40) From these results it can be concluded that the s to 
bility with the two commercially mode tails (Toils Nos 58 and 59 ) 
could be improved by shortening the shroud length For th e toi ls 
mounted directly on the boom (Toils Nos 47 -5i) a shroud leng th 8~ 
o f the diameter shows only slightly less stability but con s 1de r o b ly 
less drag than a shroud of length e q ual to the diameter 
CONFIDENT I AL 
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1. PURPOSE 
The purpose of this report is to compare the hydrodynamic 
characteristics of the 2.36" AT Rocket with the five different 
shroud ring toils described in detail in Section 2 following: 
alsoJ to investigate the effect of varying the length of the shroud 
and to compare the results of tests with and without a nozzle 
2. DESCRIPTION OF MODELS TESTED 
All tests were mode on full -scale models The RT 5--iS-43 Mk 2 
toil and the Ordnance Deportment tail were tested as received. All 
test assemblies were mode up with the conical pointed nose(Nose No 8) 
The RT 5-iS-43 Mk 2 tail was submitted to the Laboratory by 
Dr. David R. Webster from the Ballistic Research Laboratory at 
Aberdeen Preliminary test results were reported to Dr Webster 
by letter of September 25J i943 It is designated in this report 
as Toil No 59. Figure i is a photograph of the model with this 
toil. Figures 2 and 3 show the tail in more detoilJ and Figure 3i 
is a scale drawing of the tail as received . It consists of a shroud 
2.·35" in diameter and 2--i/i6" longJ mounted on three channel section 
supporting fins The fins ore stepped to fit the three steps on 
the nozzle The forward edge of the shroud ring is i/4" forward of 
the end of the nozzle. 
FIGURE 2 
.2.,-,. ~ I 5 
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FIGURE 1 
ROCKET WITH TAIL No. 59 
(ABERDEEN RT 5-15---43 MK 2 TAIL) 
TA 1 L No. 59 
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FIGURE 3 
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The commercially manufactured tail is referred to in this 
report as Tail No 58. It was submitted to the Laboratory by 
Capt. E . G. Uhl d the Army Ordnance Department and the test 
results given herein were reported to him in a memorandum from 
R. T. Knapp on August 9J i943 Figures 4 and 5 show the detail 
views of t his tail and Figure 32 is a scale drawing of the tail 
as received . This tail has four supporting fins It is made up 
of four identical stampingsJ each including one fin and one quad-
rant of the shroud ring The shroud ring is 2 30 inches in 
diameter and 2 0i inches long The forward edge of the shroud is 
0.69 inches forward of the end of the nozzle Each of the f1ns 
is flanged for attachment to the intermediate step of the nozzle 
FIGURE 4 FIGURE 5 
TAiL No 58 
(ORDNANCE 0EPARTMfNT TAIL) 
Tail No 36 is a specially made model tail It is quite 
similar to Tail No 59J but is more smoothly madeJ the flanges of 
the suppor ting fins are narrower and do not extend aft of the end 
of the nozzle The forward ~do~ o£ the shroud is 7/16 inch forward 
of the end of the nozzle and the shroud of Tall No 36 is 2 ·3/8 
inches long Tails Nos 37 to 40 were made by successively cutt1ng 
off short lengths from the after end of the shroud of Tail No 36 
Figures 6 and 7 are photographs of Tail No 38 Figure 34 is the 
detail drawing from which the tail was madeJ and shows the shroud 
lengths of Tails Nos 36 to 40 
FIGURE 6 FIGURE 7 
TAIL No. 38 
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Tail No 3i is also a specially made model tail It differs 
from Tail No 36 in that the fins are attached only t o the largest 
diameter of the nozzle and are not stepped to fit the smaller 
nozzle diameter Tails Nos 32 to 35 were made by cut t ing off short 
lengths from the after end of the shroud of Tail No 3i Figures 8 
and 9 show detail views of Tail No 35 and Figu re 33 is the detail 
drawing from which Tails Nos 3i to 35 were made 
F •G URE 8 F GURE 9 
TA l. No . 35 
Tails Nos 47 to Si are all o f the same cons truction ~ differing 
only in length of shroud Figures iO and i i show th e construction 
and Figure 35 is a detail drawing from which t h e model was made 
The shroud ring is supported on three fins of channel sec t ion 
attached directly to the boom There is no nozzle The shroud 
ring on Tail No 47 is 2 3/8' long and the forward edge of the 
shroud 1s i -i/8 aft of the end of the boom Ta1ls Nos 48 to Si 
were made by successively CLtting off short lengths from the after 
end of t he shroud ring of Ta1l No 47 
FiGURE 10 FIGURE ll 
TA.!L No. 47 
FigurPs i2 and i3 show diagrammatic scale drawings o£ all 
models covered by this report~ giving the principal dimensions 
and the location of the center of gravity and center of pressure 
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Determination of dragJ cross forceJ and moment were made by 
tests in the High Speed Water Tunnel The principal force coef. 
ficientsJ calculated from the observed forcesJ are summarized in 
the following tabulationJ and shown graphically on Figure i4 : 
Note: 
All tests made with 
conical pointed nose (Nose No . B) 
Coefficients calculated 
' tJ l') from averagedJ faired 
.... 
force observations Length 
taken from point of nose 
to end of nozz~e. 
RUN 
NO. 
92J 99 
iCDJ iOi 
B7 
39 J 42 
46 
47 
48 
49 
52 1 57 1 58 1 59 
72 
75 
77 
78, 83 
9i 
96 
97 
98 
i07 
TAIL 
NO. 
59 
58 
3i 
32 
33 
34 
35 
36 
37 
38 
39 
40 
47 
48 
49 
50 
5i 
SHROUD LENGTH 
INCHES 
2-i/i6 
2 3i 
2-3/8 
i-i 5/i6 
i-i /2 
i --9/32 
i-i/i6 
2·-3 / 8 
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i-i /2 
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i-1/16 
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i-i5/i6 
i i/2 
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0 20 
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It is t o be noted that Tail No. 59 gives less drag and greater 
static s tabi l ity than Tai l No . 513 . Tails i n the 47-Si sPries (no 
nozzle on end of boom ) show greater stability and less drag than 
any of the others. The increase in stability appears> from con-
sideration of the force coefficients> to be due mainly to a forward 
shift of the center of gravity. For .example> the relative increase 
in restoring moment of Tai l No. 48 over Tail No. 59 is approximately 
th e same as th e rela tive increase in center-of-pressure eccentricity. 
The curves on Fi gure i4 show that for each model the slope of 
the moment curve i s constant up to a yaw angle of four degrees. The 
curves of cen t e r-of-pressure eccentricity show a nearly uniform value 
of e f o r each model as the yaw angle is incrPased The drag on all 
models increases only slightly with increased yaw. 
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In all previous reports and memoranda relating to the 2 36 ' 
A T . RocketJ the calculation of moment coefficient) CMJ and the 
location of the center of pressure and center of gravity relative 
to the projectile length have been made using a length of 2i 38 
inchesJ which was the overall length fr om tip of nose to tip of 
tail of the first 2 36" rocket submitted to the laboratory and 
covered by Report No ND-iiJ November i9 J i942 This particular 
length has no correlation with th e dimensions of most of the 2 36'' 
rocket models now being investigated and its general use is now 
discontinued The length dimension used in this report is the 
actual length from the front end of the projectile nose to the 
after end of the nozzle tip This dimension varies somewhat on 
different designs of the 2 . 36 " rocketJ but for any given design 
o f noseJ afterbodyJ and propellent chamberJ it appears to be the 
most logical dimension to use in comparing the effect of diffe[ent 
tails on the static stability 
4. EFFECT OF SHR OUD LENGTH 
Figure iS shows the effect of shortening the shroud length 
on the dragJ th e moment coefhcientJ and the center -of-- -pressure 
eccen tricity for three series of tails The shroud length was 
changed by cutting short lengths from the after endJ thus shorten··· 
ing the overall length of the projectile The curves indicate 
that a shroud lengthcl about 80% of the shroud diameter (about 
i -7/8 inches) is most effective in giving stability for Tails 3i ···35 
and 36-40 For tails 47- Si this shroud length gives nearly as good 
stabil ity as th e longest shroud The drag is not greatly influenced 
by the shroud length of Tails Nos 3i --35 and 36 - 40 For Tails 
Nos. 47-SiJ h oweverJ a shroud length 80% of the diameter shows about 
25% lower drag than a shroud of t he full diameter The curves on 
Figure i4 for Tails Nos 3i to 35 are not comparable to the curves 
for these tails which are shown on Figure ii of Report No ND- -ii 4 
(Section No 6 1. --sr--207 920) for two reasons firstJ a consistent 
computation error was discovered in further checkin g of Figure 1i 
of Report ND-ii 4 , andJ secondJ as mentioned aboveJ a different 
length is used in calculating the curves of Figure 14 . 
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5. EFFECT OF ASYMMETRY 
Tails Nos . 58 and 59 both showed evidence of considerable asymme-
try in construction. In the Water Tunnel the effect of asymmetry is 
to vary the force measurements as the tail is rotated relative to 
the plane of yaw. 
Figure 16 is a composite plot of the actual observed drag and 
cross force in pounds, and of the observed moment in in8h-pounds 
for the model with Tail No 59 at tail rotations of 0, 90, 180, and 
270 degrees from an arbitrarily chosen index point . It is to be 
noted that for each tail position the slopes of the cross force and 
moment curves are practically constant . The cross force and moment 
curves of Figure 17 were obtained by shifting the cross force and 
moment curves of Figure 16 up or down so as to pass through zero, 
replotting the observed points with this correction and fairing the 
final curve through all the points so plotted . The drag is taken 
to be the average of the drag forces measured at the different tail 
rotation angles The coefficients given in the tabulation for 
Tail No. 59 were calculated from the fair ed curves of Figure 17 
Figure 17 may be said to represent the characteristics of 
the rocket with a tail of the same design as Tail No 59, but with-
out asymmetry in construction, or the average characteristics of a 
large number of tails with variations in manufacture which intro-
duce asymmetry 
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6. STUDIES IN POLARIZED LIGHT FLUME 
Flow patterns about the models> particularly about the tails> 
were observed in the Polarized Light Flume The fluid in the 
flume has asymmetrical physical and optical properties which per-
mit observation of the flow lines when viewed through polarizing 
· plates. The velocities in the flume are below the range of the 
Water Tunnel experiments and the pattern can be considered only 
q ua 1 ito t i ve . 
Figures i8 to 29 inclusive show the flow lines as drawn from 
observation in the Polarized Light Flume 
IZ.II·A 
12u- e 
1212 - A 
12.12 B 
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FIGURE 18 
TAIL No. 59 
NOSE No. 8 
ZERO YAW 
FIGURE 19 
TAIL No. 59 
NOSE No. 8 
4 DEGREES YAW 
FIGURE 20 
DETAIL OF 
TAIL No. 59 
ZERO YAW 
FIGURE 21 
DETAIL OF 
TAIL No. 59 
4 DEGREES YAW 
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Figures i8 and i9 show the flow patterns observed in the 
rocket with the RT 5-i5-43 Mk 2 Tail (Tail No. 59). Figures 20 
and 2i show in more detail the flow pattern past the tail. Con-
siderable eddying is noticeable aft of the second nozzle step 
and aft of the end of the nozzle . The flow pattern around the 
nose is not affected by the tailJ and in the remaining flow 
pattern photographsJ the nose is not shown. 
119.1A 
11958 
FIGURE 22 
DETAIL OF 
TAIL No. 58 
ZERO YAW 
FIGURE 23. 
DE TAIL OF 
TAIL No. 58 
4 DEGREES YAW 
In Figures 22 and 23J Tail No S8J considerable disturbance is 
indicated as the flow passes over the after part of the flanges 
which attach the fins to the nozzle . This disturbance is in addi-
tion to the disturbance at the nozzle steps and aft of the nozzle 
tip and may serve to explain the higher drag of the rocket with 
this tail. 
AlsoJ comparing Figures 22 and 23 with Figures 20 and 2iJ it 
appears that in both the straight and yawed positions more fluid 
is drawn through Tail No . 59 than through Tail No . 58 . This is 
because the forward edge of the shroud is further aft relative to 
the nozzle for Tail No . 59 than for Tail No . 58J thus leaving a 
larger passage for the fluid to enter. Referring back to the 
tabulationJ it is to be noted that the restoring moment is con-
siderably larger for Tail No 59 than for Tail No . 58 . 
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FIGURE 24 
TAIL No. 33, ZERO YAW 
FIGURE 26 
TAIL No. 38, ZERO YAw 
F I GURE 28 
TA 11 No 47 ZERO YAw 
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-' 
FIGURE 2.5 
TA !L No. 33, 10 DEGREES YAW 
FIGURE 27 
TAIL No. 38, 10 DEGREES YAw 
F 1 GURE 29 
TA ' L No 47 , 10 DEGREES YAw 
The flow patterns for the tail mounted directly on the boom 
without nozzle are shown in Figures 28 and 29 Comparing them 
..... 
with Figures 24 to 27J which show flow lines past the stepped n ozzleJ 
indicates considera•bly less total eddying in the wake of the boom 
without the n ozz le . The decrease in magnitude of the eddies 
appears to be correlated with decreased drag 
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7. TUNNEL INSTALI_Af•ON AND DESCRIPTION OF- f'ORCFS ME/',SURED 
The te:;ts were condu cted in thn i4' dir1meter working S•'Ctlon 
of the lfigh Sleed Water Tunnel nt th0 C'nlifornia InstitutP of 
Techno logy (i Figure ~0 shows a projectll•e installed in tho 
tunnel In order to rednc<> the drag tare to a minimum, the ri<Jid 
supporting spindle is protected from the flnw hy thP strenmlin0 
shielding shown in the figurP This shield1 nq, which project::> 
to within a fow thousnndths of an inch of thr• projPctile, i:; 
held to a small size in order to reduce interferencr> effects 
F GIJR[ 7 .0 
ROCKET MOUNTED o N WAfER TUNNFL 
NOSE No . 8 R•NG TArL No . 35 
ThE> forces r>xerted by the fl ow on the model c:nn bn rosol v.Jri, 
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APPENDIX A 
DEF I N ' T!ONS 
YAW ANGLE 
The angle which the ax1s of the model makes with the 
direction of flow Looking down on the model, yaw angles 1n 
a counter- clockwise direct1on are negat1ve ( ) and in a clock 
wise direction) positive [+) 
MOMENTS 
Moments tending to rotate the model in a counter-clockwise 
direction (when looking down on the model) are negat1ve l )J 
and those; causing clockw1se rotat1on, positive (+) 
In accordance with this srgn convent1on a moment has a de 
stabilizing effect when it has the same s1gn as the yaw angle 
In all model tests the moment is measured about the po1nt 
of support 
Moments about the center of gravity have the symbol) Meg 
DRAG 
The force) in pounds) exerted on the model parallel with 
the direction of flow 
CROSS FORCE 
The force) 1n pounds.. exerted on the model normal to the 
direction of flow A positive cross force is defined as one 
acting 1n the same d1rect1on as the displacement of the project1le 
nose for a posit1ve yaw 
NORMAL COMPONENT 
The sum of the components of the drag and cross force acting 
normal to the axis of the model The value of the ncrmal component 
is given by the following 
N = (D sin W + C cos W) 
in which 
N Norma 1 component 1n lbs 
D Drag in lbs 
C Cross force in lbs 
W Yaw angle 1n degrees 
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CENTER OF PRESSURE 
The point in the axis of the model at which the resu l tant 
of all forces acting on the model is applied This has the 
symbol (CP) . 
CENTER-OF-PRESSURE ECCENTRICITY 
The distance between the center of pressure (CP) and the 
center of gravity (CG) expressed as a decimal fraction of the 
length (L) of the model The center-of- pressure eccentricity 
(e) is derived as follows ; 
in which 
e 
1 
L 
e Center-of- pressure eccentricity 
L Length of model in feet 
Leg Distance from nose of projectile to CG 1n fe e t 
Lcp Distance from nose of projectile to CP in feet 
COEFFICIENTS 
The t h ree force coefficients used are derived as follows 
in which 
D 
Drag Coe ff i cien t J 
v2 
p 2 AD 
c 
Cross force coefficientJ 
---vr---
p 2 AD 
M 
Moment CoefficientJ 
p 
D Measured drag force in lbs 
~ Measured cross force in lbs 
p Density of the fluid in slugs/cu ft 
w 
v 
Specific weight of the fluid in lbs/cu ft 
Acceleration of gravity in ft / sec 2 
Area in sq ft of a cross section at the c y lind ri cal 
portion of the projectile taken normal to the geo--
metric axis of the projectile 
Mean relative velocity between th e water and th e 
projectile in ft/sec 
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M moment in foot-lbs measured about any particular 
point on the geometric axis of the projectile 
L Overall length of the projectile in feet 
GENERAL DISCUSSION 
The curves of force and moment coefficients and of center.-
of pressure distance plotted as functions of the yaw angle are 
useful for a discussion of the stability of projectiles Since 
these tunnel tests are made under steady flow conditions) the 
results will only indicate the tendency of the projectile to 
return to or move away from the equilibrium position after a 
disturbance Adopting aerodynamic usage) a projectile is said 
to be "statically" stable if it tends to return to equilibrium 
when disturbed In the discussion of static stability the 
actual motion following the perturbation is not considered at 
all In fact) a projectile may oscillate about the equil1brium 
position without ever remaining in it In this case the pro 
jectile would be statically stable even though "dynamically 
unstable For a complete discussion of the mode of motion to 
be expected following a perturbation) the "dynamic" stability) 
additional information is necessary 
The condition for equilibrium is satisfied if CMJ calculated 
about the CG is equal to zero In general) for projectiles with 
axial symmetry the moment is zero at ~ = 0°) so that for equi 
librium the projectile is oriented w1th its axis parallel to the 
direction of motion . If the projectile is rotated from the 
equilibrium position so as to give it a positive yaw angle) it 
is necessary that it have a negative moment coefficient) according 
to the sign convention adopted) in order that it be statically 
stable . Thus) a negative slope of the curve) CMJ vs ~caries ­
ponds to static stability) and a pos1tive slope corresponds to 
instability The degree of stabi~ity or instability is indicated 
by the magnitude of the slope The same conclusions are obtained 
by interpreting the center-of-pressure curves For symmetrical 
projectiles) if the center of pressure falls behind the center of 
gravity) a restoring moment exists and the projectile is statically 
stable If the CP lies ahead of the CGJ the moment is non -restoring 
and the projectile is statically unstable The degree of stability 
or instability is indicated by the distance between the center of 
gravity and center of pressure 
CON FI DENT IAL 

